Background: Prescription of 1/2 tablets is a widespread practice, mainly to achieve dose flexibility and to facilitate swallowing. However, tablet splitting includes several disadvantages, like destruction of galenic formulation, stability problems, and unequal amount of active ingredient that may reduce effectiveness or result in a greater risk of toxicity. Objective: To assess the rate of wrongly prescribed 1/2 tablets in discharge prescriptions at the University Hospital in Basel (UHBS, 600 beds) and to evaluate its consequences for community pharmacists. Setting: Discharge prescriptions written between January 1 st and December 31 st 2011 and containing the term "1/2" were extracted from the electronic patients' data management system of the UHBS. Presence of a score line and suitability for splitting were retrieved from two official sources of drug information. Main Outcome Measure: Wrong prescription was assigned for tablets with no score line or not suitable for dose splitting. Results: Of the 36,751 discharge prescriptions that were recorded in 2011 at the UHBS, 3724 (10.1%) contained at least one prescription item with the term "1/2". The recipient patients were on average 72.9 ± 14.8 years old (median 76 years), 50.9% were women. Of the 4517 analysed items, 49% had a corresponding lower dosage strength available on the market, making splitting unnecessary. Rate of wrongly prescribed 1/2 tablets reached 16.4% (2.8% of all prescriptions) and concerned predominantly unscored tablets. When the lack of information on splitting suitability (5.6%) and on score lines (0.5%) was taken into account, the rate reached 22.4%. Half of all wrong prescriptions could be assigned to 14 different products that were prescribed with an overall rate between 3.1 and 0.2%. Quetiapine (Seroquel ® ) at all strengths was the most often wrongly prescribed tablet to split (3.1%; no score line), followed by atorvastatin (Sortis ® ) at all strengths (1.3%; no score line) and oxazepam (Seresta ® ) 15 mg (1.2%; with decorative score line). Conclusion: Prescribing of 1/2 tablets is common and concerns every 10 th discharge prescriptions. It represents a pharmaceutical care issue, since in almost every second case, an identical drug with half the dosage strength is commercially available and a substitution could be offered by the community pharmacist. Further, one out of 5 prescribed 1/2 tablets is wrong or untraceable in the official sources of drug information and represents a safety issue. In all cases, time consuming and costly clarifications must be undertaken, ultimately the physician must be consulted, in order to modify the prescription or to dispense the prescribed 1/2 tablets as off-label use. If splitting is allowed, the patient's cognitive and physical capacities have to be clarified and appropriate aids have to be offered, e.g. a pill splitter, in order to insure the safe use of the drug.
Introduction
Prescribing a drug requires from the physician a cognitive part with decision making (e.g., knowledge of diagnosis, interactions, contraindications), and a technical part with communication of essential information (e.g., drug name, form of administration, dose) [1] . Ordering to split a tablet in half belongs to the technical part and is a widespread practice. According to previously published studies, every fourth tablet is split before taken in ambulatory patients [2, 3] . The main reasons for tablet splitting are dose adjustment, ease of swallowing and cost reduction [4] [5] [6] . However, tablet splitting also includes several drawbacks such as difficulty of breaking, breaking into unequal parts, and mass loss [6] which seems to be more pronounced with small round tablets [7] . Changing the way in which a dosage form is presented can further alter its characteristics. The degradation of the active substance at the fractured surface (inactivation by water, oxygen or light from the air; by acid from the stomach) may lead to loss of active substance before and after ingestion and consequently to altered absorption characteristics and failure to reach the site of action, which can be clinically relevant e.g., for medications with narrow therapeutic index [8] . Stability problems (friability, adsorption of water) and identification problems may complicate the keeping of the halves. Further, some dosage formulations are unsuitable for splitting, such as controlled release tablets, whose destruction can impair the liberation kinetics of the substance (dose dumping) and lead to dose-dependant side effects. One case has been reported in which a crushed extended-release nifedipine tablet had a fatal outcome [9] . Finally, irritant property or toxicity of the active substance, especially of CMR-substances (carcinogen, mutagen or toxic for reproduction) should be taken into account in order to protect the patient, his family members or healthcare workers and carers. Splitting of such tablets should be executed only with protective measures such as the wearing of gloves and masks [10] .
Errors at the stage of ordering are the most common errors encountered in hospitals [11] and belong to medication errors [12] . Such errors affect 50% of hospital admissions and 7% of medication orders at any stage of the treatment process [13] . Although the literature lacks a universally accepted definition of a prescribing error [1, 12, 14] , its most commonly reported type is error in dosage [13] , predominantly by ordering the wrong dose [11] . Splitting a tablet that is not intended to be broken is not mentioned in different lists of prescribing errors [1, 13, 15] , except in a recently published French classification of drug-related events ("Choice of an inadequate formulation: form not breakable or not crushable") [16] . In any case, prescribing a 1/2 tablet that is not allowed to be split may result in reduced drug effectiveness and greater risk of toxicity, and represents a safety issue. Thus, we considered it as a prescribing error according to the most accepted definition of a medication error [1] .
The University Hospital in Basel (UHBS) is a 600-bed teaching hospital in the northwest of Switzerland without an e-prescribing system, and serves the region's 1 million residents.
The objectives of this retrospective data analysis was to assess the rate of prescribed half tablets by physicians at the UHBS at discharge, and to evaluate its consequences for community pharmacists, in view of optimizing seamless care.
Methods
Data were extracted from the ISMED database, the electronic patients' data management system of the University Hospital Basel. Only discharge prescriptions with the term "1/2" and written between January 1 st and December 31 st 2011 were included. Patient characteristics (age, sex, and ward) stored in the system were also retrieved. This was a retrospective data-based study.
Unnecessary splitting was defined if a commercially available tablet with identical active ingredient had the required strength and pharmaceutical form, or if the prescribed strength could be obtained with a multiple of the tablet with a lower strength. Of the retrieved drugs, presence of a score line and suitability for splitting were extracted from two sources of drug information, i.e. the Swiss Online Compendium that compiles the Summary of Products Characteristics (SPC) [17] and the internal pharmacy hospital list of the UHBS on splitting and crushing drugs [18] . Tablets were classified as with a score line or not, and suitable for dose splitting or not. If a generic drug name was equivocal, the tablet was classified as having a score line when at least one generic brand with a score line was commercially available. A generic tablet was classified as suitable for dose splitting if dose splitting was allowed for at least one generic brand. Splitting suitability was deduced if a 1/2 tablet was a recommended dosage. Wrong prescription was allocated to drugs that were not suitable for dose splitting, i.e. if a tablet was unscored [19] or if a corresponding ban was found in the SPC ("tablets must not be split" or "tablets are not suitable for splitting" or "the score line is only to facilitate breaking for ease of swallowing and not to divide into equal doses").
Descriptive statistics were performed, with results given as crude value, mean ± standard deviation or percentage.
Results
Of the 36,751 electronic discharge prescriptions that were recorded 2011 at the University Hospital Basel, 3724 (10.1%) contained at least one prescription item with the term "1/2". They were predominantly delivered by the Internal Medicine (3.2%) and the Emergency wards (1.9%) and represented 34,307 items (average of 9.2 items per prescription). The recipient patients were on average 72.9 ± 14.8 years old (median 76 years), 50.9% were women.
Small typing errors were corrected when the identification of the product was unequivocal (Lamotrin for Lamotrigin; Cosaar 50 mh for Cosaar 50 mg; Beoc zok for Beloc Zok). Minor errors were corrected when the intention regarding the final product was unequivocal e.g., when the strength was incomplete (Co-Diovan 160 mg for Co-Diovan 160/12.5 mg) or wrong (Dipiperon 30 mg tablets for Dipiperon 40 mg tablets); when the galenic form was missing (Madopar 125 mg for Madopar 125 mg tablets) or wrong (Dipiperon 40 mg capsules for Dipiperon 40 mg tablets).
Of the 4888 retrieved single items with "1/2", 371 were excluded because the prescription was incomplete ( Table 1 ). The analysis of the divisibility included 4517 tablets. For 2215 of them (49%), the prescribed splitting was unnecessary, since the prescribed dose was available as a marketed tablet with half strength. The majority of the prescribed 1/2 tablets were scored (87%) and were suitable for dose splitting (77.6%). Wrong prescription of 1/2 tablets reached 16.4% and was due to inexistent score lines (12.6%) or the presence of a clear ban in the sources of drug information (3.8%) (Figure 1) . No information was found on splitting suitability and on score lines for 5.6% and 0.5% of the prescribed 1/2 tablets, respectively, increasing the rate of wrong splitting prescription to 22.4%. Half of all wrong prescriptions (506/1014; 49.9%) concerned 14 different products that were prescribed with an overall rate between 3.1% -0.2%. The most frequent wrong prescriptions concerned quetiapine at all strengths (3.1%; Seroquel ® 25, 50, 100, 200, 300 and 400 mg), an antipsychotic drug as coated tablet with no score line; atorvastatin at all strengths (1.3%; Sortis ® 10, 20, 40 and 80 mg), a lipid altering agent as coated tablet with no score line; and oxazepam (1.2%; Seresta ® 15 mg), a tablet with a decorative score line.
Discussion
In our study, approximately 10% of all discharged prescriptions contained the order to split a tablet, which is close to the 12.5% of drugs prescribed in split form in a German 1680-bed university hospital [20] . Several studies investigated prescribing errors in hospitals and reported various rates from 0.4 [21] to 34 per 100 orders [22] somewhere in the medication process. However, since the definition of what constitutes an error varies widely between studies, interpretation of data is difficult. Errors in discharge prescriptions are frequently described in literature, unfortunately often with few specification of the type of errors [23] . Incomplete prescriptions accounted for 6% in discharged elderly patients in Spain [24] , while wrong dosage schedules and missing information were the most common types of the 5.8% prescribing errors observed for discharged patients in a US university teaching hospital [25] . Other authors found 5% omissions or inaccurate information, mostly incorrect dosing forms e.g., nonexistent tablet strengths, in discharge prescription of a US children hospital [26] . These results are in line with our findings of missing strengths (2.6%) and nonexistent strengths (1.4%) as the most frequently encountered missing information on discharge prescriptions.
In our study, prescribing to split a tablet with no score line was the most frequently observed error, and concerned every eighth prescription of a 1/2 tablet (12.6%). There is almost no literature available about the rate of wrong tablet splitting within the medication process in hospitals. A study in Pakistan assessed the prescribing practice of physicians in two teaching hospitals [27] . Of 1218 medication orders, 6.8% required to split a tablet that concerned a modified release form in more than half of the cases. The authors concluded on a prescription rate of wrong 1/2 tablets of 3.5%, which however may be underestimated since the offending errors may have involved other situations than the splitting of modified release form.
Errors in discharge prescriptions are mostly detected by community pharmacists whose core competency is to screen the prescription orders and to correct potential medication errors [28] . Wrong prescription of 1/2 tablets may not cause significant patient harm, since for many drugs, especially those with a wide therapeutic range and a long half-life, dose fluctuations are unlikely to be clinically significant. However, the rate of 2.8% errors of all discharge prescriptions observed in our study represents a major issue, since it may result in much unnecessary work, as pharmacists need to resolve the uncertainty about the prescription. As an trivial example of our study, 1/2 trazodone 150 mg tablet (Trittico ® , extended released) was prescribed, however the oval tablets have 2 score lines and can be divided into 3 parts of 50 mg each, leaving the pharmacist probably perplexed. Health professionals need precise information about the divisibility or further characteristics of the drug before prescribing and dispensing the medication. Our study showed that this information was missing in the SPCs, the legal prescribing information for health professionals, for 6.1% of all prescribed 1/2 tablets, leaving the pharmacists with a crucial lack of information [29] . Ultimately, pharmacists may need to clarify the prescriber's intention by contacting him, usually by phone. Each pharmacist's action may delay drug delivery and hence drug administration. Further, effective instruction of the patients by the pharmacy is a prerequisite to minimise confusion and intake errors, especially when patients received information at the time of discharge that diverges from the finally dispensed medication. All processes may influence drug safety, take time and generate costs that may exceed the potential cost savings that physicians had advocated for splitting tablets [30] . For countries like Switzerland, where medication is dispensed in the original treatment pack, maximum savings from tablet splitting could theoretically be obtained for products that have similar prices for each of the dosages. However, only few drugs have this so called "flat pricing" structure e.g., generics of atorvastatin or simvastatin. The potential of pill splitting to achieve cost savings was evaluated in a retrospective analysis of US pharmacy claims [31] . Among the 11 medications identified by the authors for which pill splitting was cost saving and clinically appropriate, three matched our results (atorvastatin, lisinopril, olanzapine). Unfortunately, all three products are formulated as unscored tablets in Switzerland.
Uneven breaking of a tablet is most probable with unscored tablets, and may result in fluctuations in the administered dose which can be harmful to the patient, es-pecially for medications with a narrow therapeutic index e.g., carbamazepine, digoxin, phenytoin, sodium valproate, theophylline [32] . In our study, two products may put the patient at a higher risk of side effects when halved. Firstly, Digoxin ® 0.25 mg (0.22% of the cases), a substance with a narrow therapeutic index, formulated as a round and small tablet, scored on one side only (what contributes to increased inaccuracy of tablet splitting), and without indication on secability in the SPC. We asked the manufacturer about the divisibility of Digoxin ® . The tablets might be split to facilitate intake, but not to administrate a half dose, which can be achieved with the lower existing strength with 0.125 mg. Secondly, MST ® Continus (0.11% of the cases), that contains morphine in an extended release preparation (dispersion of the substance within a soluble matrix that is slowly eroding), is formulated as tablets with no score line and has a clear ban of splitting in the SPC. For both situations, we suppose oversight or ignorance of the prescriber.
We found quetiapine to be the drug most often wrongly prescribed as half tablet. This atypical antipsychotic agent is approved for treating schizophrenia and bipolar disorders. Quetiapine is also commonly used for off-label conditions such as psychosis, agitation, dementia, anxiety, obsessive-compulsive disorders [33] and delirium [34] , however with limited evidence. A recent meta-analysis justified the additional use of quetiapine as evidence-based only in the treatment of generalized anxiety disorder [33] . Most of the small clinical studies used increasing doses, starting at 25 mg/day [35] [36] [37] . We could only find one Italian study with quetiapine 12.5 mg to initiate treatment in 41 patients with dementia and concomitant psychotic disorders [38] . According to a clinical pharmacist at the UHBS, quetiapine is used offlabel in case of agitation in geriatric patients, in flexible dosing schedules starting at 5 mg/day, with specially produced capsules of 5 mg strength [personal communication, Hospital Pharmacy 2012-10-8]. Further, a dose of 12.5 mg is administered at the UHBS in the prevention of delirium and is given as 1/2 tablet of 25 mg. However, it is evaluated as inappropriate prescription in the discharge medications by the clinical pharmacists and stopped when intercepted. One may argue, since quetiapine has a broad therapeutic range, and the formulation is without functional coating or modified release, that breaking the tablet into uneven parts is unlikely to lead to toxicity. Nevertheless, the potential problems inherent to splitting a tablet (good dexterity and eyesight, conservation and confusion of the halves, wastage, adherence) and the missing indication do not justify the prescription of 1/2 quetiapine 25 mg tablet. If the physician prescribes deliberately 1/2 tablet in the setting of off-label prescribing, this could be expressly marked e.g., with a specific term on the prescription like "sic" in Switerzland or "@" in The Netherlands, as it is already common practice for the prescription of original products that should not be substituted by pharmacists.
Since therapeutic substitution is more complex than generic substitution, possibilities to by-pass the prescription of a split tablet are limited to drugs with identical active ingredient, identical pharmaceutical form and required strength. Nevertheless, we were able to find an alternative for 49% of the prescribed 1/2 tablets, which is similar to the 46% found by others [3] . Considering that the information on suitability of tablet splitting is available in the usual sources of information, computerised prescribing would instantly eliminate approximately half of the wrong prescriptions. Indeed, the introduction of computerised physician order entry (CPOE) containing splitting information in a German university hospital was able to halve the proportion of wrongly split drugs, mainly by intercepting undue fragmentation of unscored tablets [20] . Thus, electronically prescribing systems might be able to support physicians in reducing unintentional wrong prescription of tablet splitting.
A number of potential limitations of our study must be considered. First, we retrieved only bisection of tablets with the term "1/2", and excluded "0.5" as well as other section like "1/4", allowing to suppose that the rate of wrong prescription for split tablets is even higher than our findings. Further, the study was conducted in a single hospital and therefore results may not be extrapolated to other hospitals or cultures. However, our results are in accordance with former studies.
In conclusion, tablet splitting has a major role in dosage adjustment and should be limited to specific clinical situation e.g., titration of dose, paediatric and geriatric patients, and according to the recommendation of the product manufacturer. It should be cautiously ordered for drugs with narrow therapeutic range. Physicians who wrongly prescribe to split a tablet and pharmacists who dispense the drug accordingly should be aware that this renders the medication unlicensed. Since resolving the uncertainty about the prescription by the pharmacists results in much unnecessary work, splitting tablet is not suited as a method of general cost reduction. Taking into account all problems linked to the handling of a half tablet (patients' dexterity and eyesight, conservation and confusion of the halves, therapeutic compliance), prescribing 1/2 tablet represents a safety issue. Pharmaceutical companies should be encouraged to introduce new strengths to an existing range of products.
